Although the causes of DCD remain unknown, one potential explanation concerns issues surrounding cerebral lateralization of motor function. 8 Left-or mixed-handedness is thought to sometimes arise because some insult or developmental difficulty brings about a partial or complete switch of specialization from the left to the right hemisphere, or vice versa. [9] [10] Although this may also bring about a left-to-right switch in individuals who would otherwise have been left-handed, the fact that natural left-handedness is much less common means, as Bishop 10 has pointed out, that a larger proportion of left-and mixed-than right-handed people may have suffered some neurodevelopmental difficulty. There is considerable evidence to suggest a link between handedness and various neurological and behavioural problems. In children, associations have been reported between handedness and a wide range of developmental disorders, including language, sensory and motor impairments, and socioemotional and psychiatric problems. 11 Given associations between left-and mixed-handedness and other developmental disorders, it seems plausible that left-handedness may frequently cooccur with DCD. 8 However, surprisingly little work has examined this association. [12] [13] [14] [15] [16] [17] Moreover, we know of no published work that has used objective clinical assessments of both handedness and DCD, or that has taken into account the intelligence of the child, which is part of the exclusion criteria for the disorder. 1 Here we report preliminary evidence of a relation between left-handedness and DCD in children. Although our sample is small, it is the result of random sampling of screened cases from a general population study. Our results should therefore be more representative than those based on convenience samples drawn from clinical settings, which may suffer from ascertainment bias and include an excess of children from certain backgrounds or with more general or severe developmental delays.
Methods
We used data from a larger cohort study of children enrolled in Grade 5 in the public school system of a large district in southern Ontario. The Brock University Research Ethics Board approved the study. Out of 90 possible schools, 75 agreed to participate (83%). The overall response rate was 95.4%. Informed consent was obtained from the parents of all study participants. A total of 2297 children were screened using the BOTMP-SF 18 test over a 2-year period (from the fall of 2005 to the spring of 2007) by trained research assistants. Among these, 128 (5.6%) scored at or below the fifth percentile and were identified as probable cases of DCD. Thirty children were randomly selected for further testing: 24 from the DCD group, and 6 who scored above the fifth percentile on the BOTMP-SF. An in-depth motor assessment using the M-ABC 19 and the Kaufman Brief Intelligence Test 20 was administered to each of these children by an experienced pediatric occupational therapist who was blind to the initial results. The 6 children without probable DCD were included with a view to maintaining this blinding and are not considered in the analysis. The occupational therapist determined handedness (left, right, or mixed) by observing hand preference throughout the testing process and recording overall preference based on the balance of evidence.
Following the recommendations of Geuze et al, 21 we excluded from our group of 24 probable cases those children whose estimated IQ was below 70-as coordination problems in these cases could be the result of more pervasive developmental delays-and those scoring above the 15th percentile on the M-ABC.
Analysis
We performed an exact binomial test comparing the observed proportion of left-handed students scoring below the sixth percentile on the BOTMP-SF with an expected prevalence of 10% (which represents the approximate upper bound of reported estimates from general population studies). We then used the same approach to examine the associations between handedness and DCD status using the subgroup of students scoring below the sixth percentile on both the BOTMP-SF and the clinician-administered M-ABC. Finally, we examined differences in sex and estimated IQ between left-and right-handed students.
Results
We evaluated 24 students who had previously scored at or below the fifth percentile on the BOTMP-SF. Two of these students had Kaufman Brief Intelligence Test 20 scores corresponding to estimated IQs below 70 and were therefore excluded from further analysis. One of these students was left-handed.
Among the remaining 22 children, 19 (86%) scored below the 16th percentile on the M-ABC and were considered probable cases of DCD. Among these 19 children, 7 (37%) were left-handed. The exact binomial probability of drawing such a sample from a population with a prevalence of left-handedness of 10% or lower is 0.002. This test is also Among these 19 children, 13 (68%) were below the sixth percentile, a range of the M-ABC that the instrument's developers suggest is indicative of severe motor coordination difficulties. Left-handed students with DCD were somewhat more likely to score in this range (6/7, compared with 7/15 right-handed students), but this difference was not significant (Fisher's exact test P = 0.10). The overall proportion of left-handed children in this subgroup (6/13, 46%), however, was again significantly different from that expected with a population prevalence of 10% or less (P = 0.001).
There were no differences in handedness between male and female students: 4/10 females and 3/9 males were left-handed. Estimated total IQ also did not differ by handedness (t = 0.28, df = 17, P = 0.78), and nor did the verbal (t = 0.62, df = 17, P = 0.62) or nonverbal (t = 0.70, df = 17, P = 0.49) subscales.
Discussion
To our knowledge, our study is the first to report an elevated prevalence of left-handedness among a group of children with DCD where the disorder was diagnosed using the M-ABC, 19 the preferred assessment tool in the field, 22 and where intellectual capability was taken into account. However, there is a small amount of existing work on handedness and general clumsiness or more pervasive developmental problems. This evidence is mixed, with some studies reporting a higher-than-expected prevalence of left-or mixed-handedness among children who appear clumsy, [12] [13] 17 and others showing no association 14, 16 or reporting ambiguous findings. 15 The presence of conflicting evidence in this area raises several questions. Sample sizes in most studies have been small, and, as has been pointed out, 23 the ease of collecting data on handedness, and the longstanding (and not unsupported) belief that it is associated with numerous neurological, psychiatric, and behavioural conditions, may have combined with publication bias to produce a body of evidence that contains numerous chance findings. It is therefore important to consider possible reasons for the existing discrepancies.
Two comprehensive studies that show no relation between handedness and clumsiness use samples that have a high proportion of boys, 17 a higher than expected prevalence of comorbid ADHD, or both. 14, 16 Studies of children with DCD that sample general or school-based populations, by contrast, often find no difference in prevalence between males and females 24 and a lower rate of comorbid ADHD. The samples in these studies may thus not be representative of a community-or school-based DCD population.
Beyond sampling, it is important to note, as mentioned at the outset, that most of the work conducted in this area occurred before consensus on diagnostic criteria, and before the widespread adoption of M-ABC as the preferred assessment tool. 22 Even among studies conducted more recently, not all used full diagnostic criteria 12 or considered IQ as part of the diagnosis. 12, 13 The inclusion of children with intellectual impairments or mild coordination difficulties may have influenced previous results.
Although DCD frequently cooccurs with ADHD in children, 25 one-half of all children with DCD do not present with these problems. Moreover, research in this area must be treated cautiously, as DCD is typically assessed in children who first present with ADHD, normally in clinical settings. Because ADHD can result in behaviour prompting assessment of both ADHD and DCD, there is likely an overrepresentation of ADHD comorbidity in clinical samples. In this study, we did not assess attention or hyperactivity problems directly. Instead, we relied on school records to identify children with these problems. Although none of the children in this sample were identified by the school as having ADHD, future work will need to directly assess comorbid ADHD in this population of children.
Importantly, our finding of an association between left-handedness and DCD was independent of sex and IQ. These results are consistent with a large body of evidence noting a higher prevalence of left-and mixed-handedness in various developmental disorders, 11 and extend these earlier findings to children with DCD. At the present time, the clinical implications of impaired neural development in DCD are not clear, although the findings do support further research on this question. Left-handedness may be a potential marker for motor coordination problems in children. These preliminary findings suggest that cerebral lateralization of function may play some role in the origins of DCD, and that handedness may provide an early noninvasive portal into the disorder.
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